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ABSTRACT

Results Of the VEBIastroctcpragran of121adioemittingstarsare presented and used
to provide apreliminary link. <fthcii, pa os 37 month FASTsclution to a V1 Bl extragalactic
reference frame. The formal preey ons of this tink are 0.5 mitharcsecond in global rotation

and 0.5 milliarcsecond peryearinis Huzirateof 19 tation

1. INTRODUCTION

The VLBI (Very Long Bascline Inteiferometry) extragalactic framne is the primary celes-
tial reference frame due to its accmacy and stability. The Iink between the VLBI and



Hipparcos reference frames is importa p (uify the optical and radio coordinate systems
for registration of iinages at botl waveleng the v conbine radio and optical data in as-
trometric and geodetic studies,and to stop any “esidual global 1otation of the Hipparcos
frame for dynamical studies. Since 1482, wehavebeen conducting a high-accuracy VI Bl
astrometric programm of 11 optically brightiadio einitting stars inthe Northern Sky which
are objects common to both frames (V111w Hippaicos)and which can be used to
link them at the milli-arcsec level. Since 1991w similar VIBI astiometric program on 3
southern stars hasbeen conducted by agropfron CSIRO in Australia and USNO. These
stars arc displayed on the celestial spheicw Fivure 1 and sre among the most active of
the non-thermal radio-emitting sta ;g
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Figure 1 :Sky distribution o’ the VLBI link stars for Hipparcos

The link between the extragalactic (VLR 1) and Hippaicos frames has been studied the-
oretically by Froesch1¢ and Kovalevsk v (‘1 482)undlindegienand Kovalevsky (1995). It
can be written ininatrix formm as:

O by ;}'{1 J “lap (l)

Oue (L) 6y, (R e (2)

where ayity, Oy, Outte @and Opy, e the drect onunit-vect or aud propermotion vectors
of the link stars mecasured by both techmgoues (VEB] and Hipparcos) and referred to the
same epoch ty. The direction unit-vector o is sina cos é,cos acos &, siu 8) and the proper
motion vector ¢ is the time detivative of o vith the 2 conventional components of the
proper motion j, : & and g = b ‘The noatrices [R(1o)] and [ represent the fixed
global rotation and residual angular velocity of the Hipparcos frame relative to the VLBI




frame, respectively. Inprinciple. the ditectionis and proper motions of 2 ink stars are
suflicient to determine the 3 angle v and 3 rates of rotation of these two matrices. For
redundancy, the VI9L.Blprograu, intheNorthernHemisphere monitors 11 link stars and
the VIBI program in the Southerntlaunisphereprovidesatthisstage useful data for one
link star at declination 75° whichimpreves considerably the geometry of the link.

2. VLBIASTROMETRI(PARAMETE RS OF THE |, INK STARS

We used the phase-referencing VIBltcchique to achieve both high sensitivity with multi -
hour integrationsand high accurscy through measurement of the diflerential interferomet-
ric. phase between thetargetstarandanangularly nearby extragalacticsource as a function
of time.Thedctails of this techuique isceseribed in Lestradeetal (1990).

In the Northern Hemisphere, a tota) of 88 Markl11 VLB I observations have been conducted
from October 1984 to Deccmnber 87 with radiotelescopes located in the continental US
(Goldstone 70-111 of the Decp Space New vork, VELBA antennas, Haystack, Green Bank
140-foot, OVRO130-foot, Phased-V | A Hat Creck)andin Kurope (Bonn, Medicina,
Noto, Onsala, Cambridge, Jod rellBank). 'The distributionof the VLBl observations over
the years is shown in Figuie 2 and pea o during th e Hippa rcos mission (1990 January

1993 March) to minimise the possibleelfe et of non-lincarity of the proper motions of the
link stars. 'T'his effect couldbe sigmifican: if some of thelink stars were double stars with
no known orbital parameters and ¢xh'bitimg an acceleration,
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Figure 2 Distribution of the VI B observationsoverthe years.

For each star, the diflerential V1 Bl coorinatesneasured at multiple epochs (the number
of observations is in ‘l'able 1a)vwc1e v sedina weighted Jeast-squares-fit to determine its
position a, 8 relative to theassociated:cference quasar source at the mid-epoch of the




observing span, itS proper motion ., , preretatine tothe extragalactic background and its
trigonometric parallax 7. As of Octo b e11995 11 link stars in the Northern Hemisphere
and on ¢ 111 the Souther m Hemispherc have high-precision VIBI astiometric parameters
and arc used for the link presented below. Detiils of the VI.Blobservations for each star
arecin ‘Jable la and the astrometric precisions for the VLBI positions, proper motoins
and trigonometric parallaxes are in Teble 1 h. N 1 Bl coordinatesand VIL.BI annual proper
motion components have generally sublhnilliarcsecond formal uncertainties, except for a
and é of 1,S1(31303 and Cyg X1becauscthe B RS coordinates of their reference quasars
have the relatively large uncertainties o,, > ccséandog of 1,5 mas. The mnost precise VI, Bl
measurcment has been achieved for o“ CiB3withithe formaluncertainties of 80 micro-arcsec
in a, 6 relative to the extragalacticreferencesourcel 6111 343; 40 nicro aTcseclyear in fiq,
jts and 80 micro-arcsec in 7. The st a10? CiBlis the sinallest angular separation with its
reference quasar (0.4°) and has becenohservedihie most (12 epochs of observation). Note
that the formal uncertainty of the absoluie pavition Of o2 CrB, 0.2 milli-arcsecin Table
b, is larger than the uncertainty justquoedforthe relative position of this star. This is
because of theuncertainty of tile absolute position of the reference source1611-f 343,

Table 1a : V1.BI observations of the 12 hinksta-s.

Star HIP | Number of Periodof | Sceparation |
mmber | observations | obsciviatinne  Star-Reference

1.S161303 | 12469 8 RY/09 - 91/07 0.6°

Algol 14576 13 84710 - 41/11 1,0(

UX ARI 16042 9 B8/03 - 91704 1.1

11R1099 16846 8 91/03 - 91/04 2.4°

111)283447 | 19762 7 92/11 - 91/0x 3.4"

111)32918 | 23106 4 92/0% - 91/10 3.2"

HR5110 66257 15 R7/05 - 91/00) 45"

a? CiBB 79607 14 8705 - 9171 0.4¢

HD199178 | 103144 5 4200 G100 9.9°

Cyg X1 | 98298 9 8804 - 93/11 1.6°

AR Lac 109303 7 ROSOT - 91700 3.7°

IM Peg (112997 5 Lar/1e 91 (0.7°




‘Table 1b : Formal uncertaintics of the @ hadnte positions. proper motions and trigonomet-
ric parallaxes of the 12 Knk stars detorinined by VLBIL

Star Yosition | ’roper Motion 't'rig. 'arallax |
Jncert. Uncert. Ui cert. f
(Ins.s) (mas/yr) g (11165)

1,5161303 3.00 0.38 | 0 sy

Algol 0.70 0.20 \ 062 l

UX ARI | 055 033 (0 i)

HR1099 0.30 0.30 035

111)283447 | 0.80 0.36 0.1

111)32918 | 0.75 0.70 0.0

HRH110 0.90 0.25 0.0

o? CrB 0.20 0O . 0 4 o %

111)199178 | ().80 0.42 TR

Cyg X1 1,50 0.20 0.4 0

AR lac 0.60 0.20 0.

IM Peg 0.60 0.60 0.0

Table 2 : Formal uncertainties of thdllippar osastrometricparaineters for the link stars

from the 37-mornith solutions for double sturs by FAS (June 95h)

Star ’osition | ’roper Motion ;l'zi;",. Parallax
Jncert. Uncert. L Lneert
FAS) FAST PAST
(mas) (mas/y1) (1nac)

1,s161303 12. 16. 13.

Algol 1.38 1.70 R RE

UX ART | 0.87 137 om0

HR1099 1.03 1.94 L ‘

111)283447 | 2.99 3.36 2.4

}11)32918 | 0.23 0.74 0.4

HR5110 0.63 0.76 .06

o’ CrB 0.94 1.23 Y

111)199178 | 0.73 0.96 .80

CygX1 0.92 1.37 (g

AR l.ac 0.59 0.98 R

IM Peg 0.93 1.10 et




3. HIPPARCOSASTROMETRIC PARAMETERSOF THE I, INK STARS

The Hipparcos astrometric parameters for the 17 hink stars of this report were provided
by FAS'T based on the 37-month soJution f.rdouble stars as of June 1995, The FAST
precisions are in Table 2.

4. GLOBAL ROTATION BETWEEN HIPPARCOS AND A VLBI
' REFERENCE FRAME

‘I"he rotation matrices of equations (1) and(?1zredefined by Ay, Ay, A4, the 3 right-handed
rotation angles aroundthe x-axis (o« 0" & 11 D) yeaxic(a:6" & 0"), z-axis(§: 90°
direction) to bring the Hipparcos franie inte coincidence with the V LBI reference frame
and A}, A;, A4, the 3 associated rates of yotatin. With these definitions, the matrices of
eqs (1) and (2) to transfor mthe Hipparcos frameinto th e VLBl reference fra me are :

A A,
Rt |4 1A
i, 1 1
(0 i _/'1,‘,
Rl: | A 0 A
A A0

We have determined the 3 angles of rotation .4, 1, , Ayand the 3 rates Ay, Agy, Ay of the
two matrices [K(t, )] and {]{] by a weighted lcast squates- fit. The fitted parameters, the
correlation matrix and the post-fit residvalsardiables 3. The goodness of fit normalized
with the number of degrees of frecdom is closctounity. This was achieved by increasing
the quadraticly combined formal uncertainties o VI.Blaud F, As’l’ by20% only. The
relatively large value of AjinTable3 is beiyusc there was no attempt by FAST to tie
the 37 month solution to the FK& as done provinsly for the 30 1 onth FAST solution.
This has no impact on the precision of t hehnk., Theformaluncertainties of Al, A,, Ay
and A, , /ig, Ay are ().5 milli-arcsec and 0.5 nilliarecee per year ("lable 3).

The robustness of the solution lids beentestaiby plitting the 12 link stars into two inde-
pendant subsets, one with the6 stars @ 15161303, UXARI HD283447, 111{5110, CYG X1,
ARLAC and onc with the 6 stars Algol, JIRI0US HD32918,02Cy 13, 111)199178, 1M Peg.
notation anglesand rates have beensolvedfonw th these 2 subsets and compared. The
differences arc inTable 4 and are no morctbancequadiatically combined uncertainties
of the 2 solutions.




Table 4 @ Differences between the anples and rates of 1otation determined after splitting
the 12 FAST/VLBI link stars into 2 b depanlent subsets of 6 stars cach. The symbol o is
the quadratically combined uncertaintics of the 2 solutions.

Differences between solution «
FASTI(6 stars) FAST 2(6 stars)

(mas, mas/yr)
Al 0.82-0.80
A, ©-10.22 ~0.250
Ay 1.7 ~ 1.500
A -10.59-0.600
As -10.17 ~ 0.200
As -10.14 ~ 0.10

Weighted least-sqguare-fit soluticn
Kotation angles at epoch 1%8) 4 R I

Al -24.71 +1- 0.51 mar

A2 = -27.76 +/- 0.44 nas

A3 = 56.33 +/- 0.56 mas

Rotation rates

PA] =-0.34 +/- 0.49 mas/yl

PA2" - -1.03 +/- . SRR |

PA3 - 362 F/- bs mas /Yyl
Correlat 10n natrix . )

Al AY A3 PA] | 17— .‘i\._‘”

Al 1.00 -0.06 .0.31 0.00 0.00 '
A2 -0.06 1.00 -0.25 0.00 O00 .00
A3 0.31 -0.25% 1.00 0.00 0.00G 1,00

PA1  0.00 0.60 0.00 1.00 § 0O L
PA2 0.00 0.00 0.00 0.02 I ¢o .»v
PA3 0.00 0.00 0.00 0.11 020 00

Pest-fit residuals (& p11c 1 pefuyYemen' uncertainties)

St al CosDECXRA DEC Co DO TRA PMIE
(mas) fmas) as/yr) (russ 7yr)
1,5161303 -2.68(15.0 1.54(17.5) 4 .40(36.9) 0.53(1¢.2)
Al GOL 4.76( 1. -0.97(1.4) 1.20( 1.6) -0.40( 1.7
UXAR | -2.89( 2.4 10630 1.6) -1.01¢ 3.0} 0.65( 2.7)
HR1098 0.02( 1.4 0.200 1.0 C.01C 1.7 2,120 1.6)
HD283447 6.66( 4.2) S6.54(0 4000 1360 3 9 2,190 2.9)
HD32918 -1.71( 1.8 2,250 3% C.37(1.0) -2.02( 1.6)
HR5110 -1.10% 1.4% R G ¢.38¢ 0.7 0.10( 0.6)
SIGCRE 2.83( 1.7) 185 2 0 - 4!}( 2.0 4.]’.1( 2.2
CYGX } 0.60( 1.8! 4,500 2o (.42 1. 0.97( 2.2)
HD199178 0.35( 0.9) 6.,‘/“ .9 .34( .29 -0.11( 1.1)
ARLAC 0.68( 0.8) -0.18( ¢ .9 (118( 0.8 -0.21(0.8)
| MPEG -1.2.4( 1.1) -1.10( v.& (L0600 1.7) 0.39( 1.1
ost-Fit recadual cocrdinatarn . W Tl e Wrio - 2.07 mas
;235-;5( residual p.m. WA s 0.18 nweryy Wnua‘ 1.10 mas/yr
Non-nor. gdness of fit = 44 .65 Natwa o f degrecs of freedonw = 44

Table 3 : Preliminary parameters for the VEBETFAST 37 month solution link: the 3 angles
(A= AL, Ay = A2, Ay = A3) and the 3 1stes of 1otation (PA]: /i,, PA2: /i;;, PA3- /i;;)
between the Hipparcos and VIBI tefercice frames have heen determined with 12 link
stars. Post-fit residuals ina,é, 1. are given.,




5 THE VLBl EXTRAGALACTIC REFERENCE FRAME USED IN THE
ANAYYSIS

The angles of rotation A;, A,, AyinTeble 3are directly related to the IERS celestial
reference frame through the VLBl coordivates of the reference quasars of Table 5. The
IERS celestial reference frame is acomlition of VI.BI catalogues produced by several
independant VLBI groups every year sud comnbinedinsuch a way that the directions of
axis arc maintained fixed over the years incel988 (Arias, Feissel and Lestrade 1991).
Hence, the Hipparcos coordinates of any : ter can be transformed to the 1ERS reference
frame by using eqs (1) and (2) aundthcrctatior angles and rates of '] 'able 3. The IKRS
coordinates of the quasars in Table Hwillhic1evised by IBRS before the release of the
Hipparcos catalogue but only submilliarce oud changes are expected. The rotation angles
and raes of ‘Jable 3 are specific to the37nonthsolutions provided by FAST in June 1995
and will be superseded by the final 37 uunthsoiutionfortherelease of the catalogue.

‘Jable 5:1ERS VLBl coordinates (J2000)ar d unicrtaintics (1 oy, and:los) of thereference
quasars used in the analysis. Most of thesecooridinates sre fromthie JERS Annual Report
for 1991 (published in 1992 by the Observatory of Paris).

Link Stars | Reference  Right Asc. (, .} Declination (i o4)
Quasars h m s  (mas) e (1nas)
J2000 112000
15161303 | 0241-{ 622 0244 57.69680s (:.00) | 622806.51429 (1(10)
Algol 0309-1411 0313 01.962) 1 (0 30) | 41 2() 01.1833 (0.38)
UXARD  |0326-1 278 0329 57.669419((:.42) | 27756 15.49912 (().32)
HR1099 0336- 019 0339 30.9377'/4 ((.1&) 01 146 35.80336 (0.18),
111)283447 | 0405-1305 04 0820.377573((.75) | 1 303230.10080" (0.11)
111)32918 | 0530- 727 0529 30.(11 ?3(11,1 ( 30) T2 45 28.50700 (0.26)
HR5110 1315-1 346 13 1736.4 {)1211 (( 18)| 3425 15.9:i26(i (0.24)
HR5110 1338-1 381 13 40 22.951785 ((90) | 37 54 43.83 228 (0.67)
0? CrB 1611-1343 1613 41,061 ?25(; {01%) 34 124'7.90889 (0.19)
Cyg x| 19554335 1957 40.54901(1en) | 133 3827.9458 (1 .20)
111)199178 | 2100-1468 21 02 17.066062 (( 1%) | 47 0216.25393 ((1.1?)
Bl lLac 2200-} '120 2202 43.291377((C 11) 4216 39.9'/995 (,0.17)
M Peg  |2251-{ 158 2253 57.747944(C1%) | 16 08 53.56114 (0.17)




i. CONCLUSION

The formal precisions of the prelimninary hink of the Hipparcos 37 month FAST solution
to a VLBl extragalactic reference frame arc 0.5 milliarcsecond in global rotation and 0.5
milliarcsecond per year in residvalrate of rotation. Although, these precisions should not
significantly changedin the finallink, theactualangles Ay, A5, Ay, Al, A3, A5 will be
miodified to reflect the final Hippwarccs 37 inonth solution that will become the Hipparcos
catalog and the slight changes of (oo dinates of thereference quasars take.rl in the VLBI
celestial reference frame that is being completed by 11RS for the Hipparcos link.
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